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VEHICLE SEAT ASSEMBLY HAVING A FIELD EFFECT SENSOR 
FOR DETECTING SEAT POSITION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates generally to a vehicle seat assembly, and more 
particularly to a vehicle seat assembly having a field effect sensor for detecting the position 
of the vehicle seat assembly. 

2. Description of the Related Art 

[0002] Automotive vehicles employ seating systems that accommodate the 
passengers of the vehicle. The seating systems include restraint systems that are calculated to 
restrain and protect the occupants in the event of a collision. The primary restraint system 
commonly employed in most vehicles today is the seatbelt. Seatbelts usually include a lap 
belt and a shoulder belt extending diagonally across the occupant's torso from one end of the 
lap belt to a mounting structure located proximate to the occupant's opposite shoulder. 

[0003] In addition, automotive vehicles may include supplemental restraint systems. 
The most common supplemental restraint system employed in automotive vehicles today is 
the inflatable airbag. In the event of a collision, the airbags are deployed as an additional 
means of restraining and protecting the occupants of the vehicle. 

[0004] Vehicle seats are typically linearly adjustable toward and away from the 
dashboard. Originally, the primary and supplemental restraint systems were designed to 
operate in the same manner during a vehicular collision regardless of the linear seat position 
relative to the dashboard. For example, some airbag systems deploy with the same speed and 
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force regardless of the seat position. However, in some instances, the speed and force of the 
deploying airbag is too great for persons sitting close to the dashboard, and injury can result. 

[0005] Partially in response to this need, vehicle safety systems have been proposed 
with a means of detecting the seat position and communicating the detected position to a 
controller that controls the primary and/or supplemental restraint systems accordingly. Many 
of these systems incorporate a Hall effect sensor and a magnet emitting a magnetic field. 
Generally speaking, the Hall effect sensor of these systems detects changes in magnetic flux 
caused when the seat moves and the system correlates this change to a certain seat position. 
One such safety system is disclosed in U.S. Patent No. 6,095,555 to Becker et al. In the 
Becker et al. system, a Hall effect sensor and a magnet are fixed to a vehicle interior, adjacent 
a vehicle seat. Movement of the vehicle seat past a predetermined forward position causes a 
portion of the seat to enter the magnetic field created by the magnet, thereby changing the 
magnetic flux. Upon detecting this change, the Hall effect sensor sends a signal to a 
controller, which alters or prevents the actuation of a restraint device. More specifically, the 
device disclosed in the Becker et al. '555 patent can be used to prevent an airbag from 
deploying or can suppress the inflation of an airbag if the device detects that the seat is less 
than a minimum distance from the stowed airbag and injury might otherwise occur to the 
occupant. 

[0006] While the Becker et al. and similar Hall effect systems can alter or prevent 
actuation of a vehicle restraint system depending on seat position, there remain certain 
drawbacks associated with these systems. Particularly, relative positioning between the Hall 
effect sensor and the magnet in these systems is especially important, typically requiring 
assembly within tight tolerances, and this can increase manufacturing time. Also, these seat 
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positioning detection systems can be designed for a vehicle with one set of interior 
dimensions, but incorporating that same system into a different vehicle with different interior 
dimensions will usually require a time consuming and costly re-design of the system. This is 
because the relative positioning between the Hall effect sensor and the magnet will likely 
have to be re-designed according to the different interior dimensions, such as different 
distances between the seat and the steering wheel, dashboard, etc. 

[0007] Therefore, there is an ongoing need in the art for a vehicle seat assembly that 
has a seat position detecting system that can be more easily assembled and that can be more 
easily adapted for vehicles with differing interior dimensions. 

SUMMARY OF THE INVENTION 
[0008] Accordingly, the present invention is a vehicle seat assembly for a vehicle. 
The vehicle seat assembly includes a rail pair defining a mounting rail and a triggering rail. 
One of the mounting rail and the triggering rail is supported on a floor pan of the vehicle and 
the other of the mounting rail and the triggering rail is adapted to support a seat cushion. The 
mounting rail and the triggering rail are moveably supported relative to each other. Also, the 
vehicle seat assembly includes a field effect sensor. The field effect sensor is operatively 
supported by the mounting rail such that the field effect sensor can be positioned in a first 
range of positions as well as a second range of positions relative to the triggering rail. The 
field effect sensor is adapted to emit an electric field and to detect disruption of the electric 
field. The field effect sensor detects disruption of the electric field when the field effect 
sensor is positioned in the first range of positions. 
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[0009] The field effect sensor can be positioned relative to the triggering rail within 
looser tolerances as compared to sensors of the prior art, such as Hall effect sensors. Thus, 
because of these looser tolerances, assembly of the vehicle seat assembly becomes easier. 
Also, the position of the field effect sensor with respect to the triggering rail can be adjusted 
in several convenient ways. As such, the vehicle seat assembly provides seat position 
detection capability for different vehicle production lines at reduced cost. 

[0010] Other features and advantages of the present invention will be readily 
appreciated, as the same becomes better understood, after reading the subsequent description 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a side view of a partial vehicle interior with a vehicle seat assembly 
of the present invention having a seat position detection device; 

[0012] FIG. 2 is a sectional view of a rail pair employed in the vehicle seat assembly 
taken along the line 2-2 of FIG. 1; 

[0013] FIG. 3 A is a side detail view the rail pair shown in a forward position; 

[0014] FIG. 3B is a side detail view of the rail pair shown in a rearward position; 

[0015] FIG. 4 is a schematic bottom view of a field effect sensor and mounting 
bracket employed in vehicle seat assembly of the present invention; and 

[0016] FIG. 5 is a top view of a partial vehicle interior with the vehicle seat assembly 
of the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

[0017] Referring now to the drawings, where like numerals are used to designate like 
structure throughout the figures, a vehicle is generally indicated at 10 in FIG. 1. One 
embodiment of a vehicle seat assembly, generally indicated at 14, is shown in an interior 12 
of the vehicle 10. The vehicle seat assembly 14 is adapted to be supported upon a floor pan 
16 of a vehicle, such as a car or truck. Certain aspects of a known and generally constructed 
vehicle seat assembly 14 are described in detail below. However, those having ordinary skill 
in the art will appreciate that the vehicle seat assembly 14 illustrated in the drawings is 
merely one example of suitable structure to which the novel aspect of the vehicle seat 
assembly 14 may be applied. 

[0018] The vehicle seat assembly 14 includes a seat cushion 20 and a seat back 18 
operatively supported relative to the seat cushion 20 in a conventional manner. The seat back 
18 and seat cushion 20 are both adapted to support an occupant 22 within the interior 12 of 
the vehicle 10. The vehicle seat assembly 14 also includes at least one seat riser 24 mounted 
to a bottom end 26 of the seat cushion 20. 

[0019] As shown in FIGS. 1 and 5, the vehicle seat assembly 14 also includes a 
plurality of rails, generally indicated at 28. The rails 28 are arranged into rail pairs, generally 
indicated at 30. As shown in FIG. 5, there are two rail pairs 30 in spaced relationship 
supporting the seat cushion 20. The rail pairs 30 couple the seat cushion 20 to the floor pan 
16 and allow the seat cushion 20 to move within the interior 12 of the vehicle 10 as will be 
described in greater detail below. 

[0020] As shown in FIG. 2, the rail pair 30 defines a mounting rail generally indicated 
at 32 and a triggering rail generally indicated at 34. One of the mounting rail 32 and the 
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triggering rail 34 is supported on the floor pan 16 of the vehicle 10, and the other of the 
mounting rail 32 and the triggering rail 34 is adapted to support the seat riser 24 to thereby 
support the seat cushion 20. For instance, in the embodiment shown, the triggering rail 34 is 
fixedly attached to the floor pan 16 by rivets, welds, bolts, or other fasteners (not shown), and 
the mounting rail 32 is fixedly attached to the seat riser 24 by rivets, welds, bolts or other 
fasteners. In another embodiment, the triggering rail 34 may be attached to the seat riser 24 
and the mounting rail 32 is attached to the floor pan 16. 

[0021] The mounting rail 32 is an elongate member made out of two mirror-image 
bent metal plates generally indicated at 36a, 36b, that are attached in a known manner. A 
vertical ridge 38 extends along the length of an upper portion 40 of the mounting rail 32. The 
vertical ridge 38 of the mounting rail 32 supports the seat riser 24 and thus the seat cushion 
20. Along a lower portion 42 of the mounting rail 32, both plates 36a, 36b are bent outward 
away from each other to define a space 44. Further downward, the plates 36a, 36b are bent 
horizontally away from each other so as to define horizontal bearing members 46a, 46b. The 
terminal end of both plates 36a, 36b is bent upward vertically so as to define vertical bearing 
members 48a, 48b. 

[0022] Furthermore, the triggering rail 34 is an elongate member made out of metal 
plate that is longitudinally bent so as to have a generally U-shaped cross section. More 
specifically, the triggering rail 34 includes a horizontal base 50. The base 50 is attached to 
the floor pan 16 of the vehicle, either directly or via brackets 52. The triggering rail 34 is 
bent upward at opposing sides of the base 50 so as to define two side members 54a, 54b that 
extend vertically from the base 50. The side members 54a, 54b are bent inward toward each 
other and generally downward toward the base 50 so as to define bearing members 56a, 56b. 
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[0023] As shown in FIGS. 2, 3A, and 3B, the mounting rail 32 is inserted 
longitudinally within the triggering rail 34 such that the side members 54a, 54b of the 
triggering rail 34 extend over and partially around the horizontal bearing members 46a, 46b 
and vertical bearing members 48a, 48b of the mounting rail 32. The mounting rail 32 and the 
triggering rail 34 are moveably supported relative to each other and in the embodiment 
shown, a plurality of longitudinally spaced bearings 58 are positioned between the rails 32, 
34, above the base 50 of the triggering rail 34 and below the horizontal bearing members 46a, 
46b of the mounting rails 32. Also, a plurality of longitudinally spaced bearings 58 is 
positioned between the rails 32, 34, below the bearing members 56a, 56b of the triggering rail 
34 and above the horizontal bearing members 46a, 46b of the mounting rail 32. The bearings 
58 are adapted to allow the mounting rail 32 to move in a rectilinear direction relative to the 
triggering rail 34 to thereby allow movement of the seat cushion 20 within the interior 12 of 
the vehicle 10. 

[0024] The vehicle seat assembly 14 also includes a mounting bracket, generally 
indicated at 60. In the embodiment shown, the mounting bracket 60 is substantially L-shaped 
with a first planar member 62 and a second planar member 64 extending at a 90° angle 
therefrom. A plurality of triangular ribs 64 extends between the first planar member 62 and 
second planar member 64 to thereby reinforce the attachment between the first planar 
member 62 and the second planar member 64. Also, two apertures 68 extend through 
opposing corners of the second planar member 64. The first planar member 62 defines a first 
surface 70 on a side opposite to that of the second planar member 64. Furthermore, a hollow 
tube 72 extends upward from a side of the first planer member 62 opposite to that of the first 
surface 70. 
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[0025] The mounting bracket 60 is adapted to be operatively supported by the 
mounting rail 32. In the embodiment shown, a fastener 74 extends through one of the two 
apertures 68 of the mounting bracket 60 and through corresponding apertures 76 formed in 
the mounting rail 32 such that the mounting bracket 60 is fixedly attached to the mounting 
rail 32. Preferably, the mounting bracket 60 is attached to the mounting rail 32 such that the 
first surface 70 of the mounting bracket 32 can move directly over one of the side members 
54a, 54b of the triggering rail 34. 

[0026] As shown best in FIGS. 2, 3A, 3B, and 4, the vehicle seat assembly 14 further 
includes a field effect sensor, generally indicated at 78. The field effect sensor 78 is one of a 
type known in the art adapted to emit an electric field and to detect disruption of that electric 
field. As will be described in greater detail below, by emitting and detecting the disruption of 
this electric field, the field effect sensor 78 allows detection of the position of the vehicle seat 
assembly 14. 

[0027] In one embodiment shown in FIG. 4, the field effect sensor 78 has a logic 
device 80 and a plurality of electrode pairs, generally indicated at 82. The logic device 80 
and the electrode pairs 82 are located within a sensing area 84 of the field effect sensor 78. 
The electrode pairs 82 include an active pair 86 and at least one inactive pair 88, and the 
active pair 86 is the only electrode pair 82 in communication with the logic device 80. For 
example, the field effect sensor 78 shown includes four electrode pairs 82, and only the 
leftmost electrode pair — the active pair 86 — is in communication with the logic device 80 via 
wires 90. The four electrode pairs 82 are aligned parallel to a longitudinal axis of the 
triggering rail 32, represented in FIG. 4 by axis L. As will be described in greater detail 
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below, having a plurality of electrode pairs 82 aligned parallel to the axis L of the triggering 
rail 34 provides a more adjustable field effect sensor 78. 

[0028] When activated, one electrode of the active pair 86 is positively charged while 
the other electrode is negatively charged such that the active pair 86 emits an electric field. 
When a conductive object moves near the active pair 86 and consequently disrupts the 
electric field emitted therefrom, the logic device 80 detects this disruption, and this allows 
detection of the position of the vehicle seat assembly 14 as discussed below. 

[0029] The mounting bracket 60 is adapted to operatively support the field effect 
sensor 78 relative to the first surface 70. In one embodiment, the field effect sensor 78 is 
molded to the mounting bracket 60 such that the sensing area 84 is spaced just off the first 
surface 70. Also, the mounting bracket 60 is attached to the mounting rail 32 such that the 
field effect sensor 78 can be positioned in a first range of positions as well as a second range 
of positions relative to the triggering rail 34. More specifically, as shown in FIGS. 3A and 
3B, the triggering rail 34 defines a trigger point 92, and in the embodiment shown, the trigger 
point 92 is located at a forward terminal end 94 of the triggering rail 34. The mounting 
bracket 60 is attached to the mounting rail 32 such that the field effect sensor 78 can be 
positioned ahead the trigger point 92 (FIG. 3A) and behind the trigger point 92 (FIG. 3B). 
When the mounting rail 32 slides on the triggering rail 34 such that the field effect sensor 78 
is behind the trigger point 92, the field effect sensor 78 is said to be in the first range of 
positions. Conversely, when the mounting rail 32 slides on the triggering rail 34 such that the 
field effect sensor 78 is ahead of the trigger point 92, the field effect sensor 78 is said to be in 
the second range of positions. As such, the trigger point 92 defines the first range of 
positions and the second range of positions. It should be appreciated that although FIG. 3B 
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shows the field effect sensor 78 only slightly behind the trigger point 92, and thus only 
slightly in the first range of positions, the mounting rail 32 can slide on the triggering rail 34 
such that the field effect sensor 78 moves substantially within the first range of positions. In 
the preferred embodiment, the mounting bracket 60 is attached to the mounting rail 32 such 
that the four electrode pairs 82 are aligned parallel to a longitudinal axis of the triggering rail 
32, represented in FIG. 4 by axis L. As will be described in greater detail below, having a 
plurality of electrode pairs 82 aligned parallel to the axis L of the triggering rail 34 provides a 
more adjustable field effect sensor 78. 

[0030] As stated above, the field effect sensor 78 emits an electric field and can detect 
a disruption of that electric field. When the mounting rail 32 is positioned such that the field 
effect sensor 78 is positioned away from the triggering rail 34, such as when the field effect 
sensor 78 is positioned in the second range of positions, the electric field remains relatively 
constant, and the field effect sensor 78 does not detect a disruption of the electric field. 
However, when the mounting rail 32 is positioned such that the field effect sensor 78 is 
positioned near the triggering rail 34, such as when the field effect sensor is positioned in the 
first range of positions, the close proximity between the active pair 86 of the field effect 
sensor 78 and the conductive material of the triggering rail 34 causes a disruption of the 
electric field, and the field effect sensor 78 detects the disruption of the electric field, to 
thereby detect position of the vehicle seat assembly 14 as discussed in great detail below. 

[0031] In the preferred embodiment of the vehicle seat assembly 14, the field effect 
sensor 78 is positioned such that conductive objects other than the triggering rail 32 are less 
likely to disrupt the electrical field emitted by the field effect sensor 78. As shown in FIG. 5, 
the seat cushion 20 defines a middle 96, an inboard side 98, and an outboard side 100. The 
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seat cushion 20 is supported by rail pairs 30, specifically an inboard rail pair 102 and an 
outboard rail pair 104, both shown in phantom. The inboard rail pair 102 supports the seat 
cushion 20 adjacent the inboard side 98 of the seat cushion 20, and the outboard rail pair 104 
supports the seat cushion 20 adjacent the outboard side 100 of the seat cushion 20. The 
mounting rail 32 is included in the inboard rail pair 102 such that the field effect sensor 78 is 
further away from the exterior of the vehicle 10, a likely source of foreign objects that could 
cause unintended disruption of the electric field. Moreover, the mounting rail 32 defines a 
first side 106 located adjacent the middle 96 of the seat cushion 20 and a second side 108 
located adjacent the inboard side 98 of the seat cushion 20. As shown, the field effect sensor 
78 is supported by the mounting rail 32 on the first side 106 such that seat cushion 20, and the 
inboard and outboard rail pairs 102, 104 collectively surround the field effect sensor 78 and 
partially block foreign objects that could otherwise cause unintended disruption of the electric 
field. Furthermore, the ribs 66 of the mounting bracket 60 are preferably shaped and 
positioned so as to inhibit foreign objects from moving into close proximity with the field 
effect sensor 78 and causing unintended disruption of the electric field. 

[0032] In the preferred embodiment, the logic device 80 of the field effect sensor 78 
is adapted to generate a first signal when the field effect sensor 78 is positioned in the first 
range of positions, and to generate a second signal when the field effect sensor 78 is 
positioned in the second range of positions. In other words, when the vehicle seat assembly 
14 is in the rearward position and the field effect sensor 78 is consequently behind the trigger 
point 92 of the triggering rail 34, the electric field emitted by the field effect sensor 78 is 
disrupted due to the close proximity of the triggering rail 34. In this case, the logic device 80 
generates a first signal. In contrast, when the vehicle seat assembly 14 is in the forward 
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position and the field effect sensor 78 is consequently ahead of the trigger point 92 of the 
triggering rail 34, the distance between the field effect sensor 78 and the triggering rail 34 
allows the electric field emitted by the field effect sensor 78 to remain relatively constant. In 
this case, the logic device 80 generates the second signal. Obviously, the first signal is 
different from the second signal such that the forward and rearward positions can be 
differentiated. 

[0033] In the embodiment shown in FIGS. 1 and 5, the logic device 80 of the field 
effect sensor 78 is in electrical communication via wires 110 with a controller 112. The 
controller 1 12 is adapted to receive the first and second signals generated by the logic device 
80. The controller 112 can use these signals as data for controlling the vehicle 10 in any 
number of ways. For instance, in the embodiment shown in FIGS. 1 and 5, the controller 1 12 
is in communication with a restraint system 114. The controller 112 controls the restraint 
system 1 14 in a first manner when the first signal is received by the controller 112, and the 
controller 1 12 controls the restraint system 1 14 in a second manner when the second signal is 
received by the controller 112. By way of example, in one embodiment, the restraint system 
114 is an airbag stowed in the steering wheel of the vehicle 10. The controller 112 allows 
regular inflation of the airbag when the controller 1 12 receives the first signal from the field 
effect sensor 78 since the vehicle seat assembly 14 is distanced from the deploying airbag, 
and the occupant 22 is less likely to be injured by the deploying airbag. In contrast, the 
controller 112 prevents or suppresses regular inflation of the airbag when the controller 112 
receives the second signal from the field effect sensor 78 since the vehicle seat assembly 14 is 
close to the deploying airbag, and the occupant could be injured by the deploying airbag. 
Preferably, the relative positioning between the field effect sensor 78 and the trigger point 92 
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is predetermined such that the controller 112 controls the restraint system 114 in a manner 
that enhances the safety of the occupant. 

[0034] It is noted that the vertical distance between the field effect sensor 78 and the 
trigger point 92 is important because the field effect sensor 78 should be close enough such 
that the triggering rail 34 can disrupt the electric field emitted from the field effect sensor 78. 
(This vertical distance dimension is represented in FIGS. 3A and 3B by the dimension Y.) 
However, the field effect sensor 78 can be vertically positioned relative to the trigger point 92 
within looser tolerances as compared to sensors of the prior art, such as Hall effect sensors. 
Thus, because of these looser tolerances, assembly of the vehicle seat assembly 14 becomes 
easier. 

[0035] Also, the vehicle seat assembly 14 of the present invention can be easily 
adapted to adjust the relative positioning between the field effect sensor 78 and trigger point 
92. Obviously, the mounting bracket 60 can be shifted axially on the mounting rail 32 in 
order to change the relative positioning between the field effect sensor 78 and the trigger 
point 92. However, this relative positioning can also be changed without shifting the 
mounting bracket 60 axially on the mounting rail 32. For instance, in one embodiment, the 
wires 90 extending from the logic device 80 of the field effect sensor 78 are changed from 
one electrode pair 82 to another electrode pair 82 such that the active pair 86 is moved axially 
with respect to the triggering point 92. (The changeable wiring configuration is represented 
in phantom in FIG. 4.) In a second embodiment, the sensing area 84 of the field effect sensor 
78 is shifted axially along the first surface 70 of the mounting bracket 60 such that the active 
pair 86 is moved axially with respect to the triggering point 92. Specifically, in this second 
embodiment, the length of the sensing area 84 of the field effect sensor 78 is approximately 
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fifty millimeters (50mm) smaller than the length of the first surface 70, thereby allowing for 
substantial axial adjustment of the sensing area 84 along the first surface 70. 

[0036] Because the relative positioning between the field effect sensor 78 and the 
triggering point 92 is easily adjustable, the vehicle seat assembly 14 of the present invention 
can be more easily incorporated into a variety of vehicle production lines, regardless of the 
differences in interior dimensions of the different lines, and this can create cost savings. For 
instance, different production lines often incorporate common rail pairs 30, and the mounting 
bracket 60 is attached at the same location on each mounting rail 32 to thereby reduce costs. 
As such, assuming the different vehicle production lines have different interior dimensions, 
the relative positioning between the mounting bracket 60 and the triggering point 92 will be 
different among the different production lines. However, because the sensing area 84 can be 
shifted along the first surface 70, the wiring between the logic device 80 and the designated 
active electrode pair 86 can be changed, or both, the vehicle seat assembly 14 of the present 
invention can be incorporated into many of these vehicle production lines without having to 
change the position of the mounting bracket 60 on the mounting rail 32. Thus, the vehicle 
seat assembly 14 provides seat position detection capability for different vehicle production 
lines at reduced cost. 

[0037] The present invention has been described in an illustrative manner. It is to be 
understood that the terminology, which has been used, is intended to be in the nature of 
words of description rather than of limitation. 

[0038] Many modifications and variations of the present invention are possible in 
light of the above teachings. Therefore, within the scope of the appended claims, the present 
invention may be practiced other than as specifically described. 
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